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Abstract 
An on-line H2S testing equipment is used to measure H2S release during oil shale retort. Heating rate was arranged by 
5ć/min, 10ć/min and 15ć/min, 20ć/min, while 0.2-0.6mm, 0.6-1mm, 1-2.18mm of particle size were taken as 
samples in tests. Different heating rate and different particle size affects sulfur release volume in different extent. And 
different heating rate while different particle size affect the release rate of H2S in a scale not more than resident time 
of sample in reactor.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
Keyword- oil shale; pyrolysis; sulfur; hydrogen sulfide; retort
1. Introduction 
Oil shale is a kind of fossil fuels, consists of mineral matter and organic matter. The organic matter in 
oil shale contains more hydrogen than that in other solid fossil fuels and yields shale oil on pyrolysis with 
a carbon hydrogen ratio comparable to that of natural crude oil[1]. The current global oil shale resources, 
if being completely converted to shale oil, can obtain 400 billion tons, over the oil resources by 5.4 times 
[2]. In China, there are 719.9137 trillion tons oil shale resources, amounting to 47.6144 trillion tons shale 
oil, which contains recoverable shale oil resources of 11.9179 trillion tons. Oil shale is mainly distributed 
in eastern and central region, with 344.248 billion tons in eastern region and 160.964 billion tons in 
central region. While western and southern regions contain only 74.994 billion tons and 19.461 billion 
tons [3]. Therefore, the most effective way to use oil shale is used combustion. But, oil shale during 
distillation and combustion caused serious pollution to the global, restricted the use of oil shale 
development is an important factor in economic viability[4]. Therefore, it is very important of oil shale in 
different conditions during pyrolysis sulfur removal in gases, tar and char. which provided theoretical 
foundation for further effective exploitation and economical application of oil shale semi-coke. 
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Sulfur in oil shale exists in both organic and inorganic sulfur forms[5]. The inorganic sulfur is mostly 
pyrite and/or marcasite, together with small amounts of sulfates depending on the level of oil shale[6]. 
The organic sulfur exists either in aromatic rings or in aliphatic functional groups, usually categorized as 
mercaptans, aliphatic and aryl sulfides, disulfides and pyritic sulfur depends on the rank and total sulfur 
content of oil shale[7]. The main composition of organic sulfur during pyrolysis is shown as follows[8]: 
(1) Mercaptan:  
(R-SH)    (1) 
(2) Sulfide: 
(R-S-Rƍ)    (2) 
(3) Thiophene heterocycles:  
 and     (3) 
(4) Sulphidic sulphur:  
(R-S-S-Rƍ)     (4) 
(5) Aliphatic sulphur:  
      (5) 
Inorganic sulfur behaves main reactions during pyrolysis that is shown as follows: 
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2. Type Style And Fonts 
2.1 Sample Preparation 
Huadian oil shale was taken as sample in the test. Three particle size ranges of sample i.e. 0.2-0.6mm, 
0.6-1mm and 1-2.18mm were arranged in the experiment. Proximate analysis, ultimate analysis and sulfur 
speciation analysis of samples are shown in Table 1. 
Table 1 Proximate, Ultimate Analysis and Sulfur Form 
Proximate 
analysis(wt%) 
Mad 3.34 
Aad 53.17 
Vdaf 38.15 
Ultimate 
analysis(wt%) 
Cad 28.58 
Had 4.13 
Nad 0.78 
Oad 8.97 
St 1.03 
Sulfur forms(wt%) 
Ss 0.15 
Sp 0.27 
So  0.61 
St-total sulfur, Ss-sulfate sulfur, Sp–pyritic sulfur, So–organic sulfur 
2.2 Experimental Procedures 
Pyrolysis took place in the U-type-tube furnace quartz tube reactor with 10mm inner diameter, 400mm 
length, and 80mm center distance. Nitrogen was used as carried gas in the test with flow rate of 
200ml/min. 5g sample was heated to 600oC in each test. A part of the pyrolysis vapor was condensed into 
shale oil in an ice bath while the surplus vapor was so called retort gas. H2S generated from oil shale 
during pyrolysis diffused into retort gas, which was completely absorbed in alkaline concentration 
solution (SAOB). Before the test, open the nitrogen bottle to purge the U-type-tube for 1min with flow 
rate of 200 ml/min in order to remove rudimental air in the reaction unit. Temperature controller was 
modulated at heating rates at 5ć»min, 10ć»min, 15ć»min, 20ć»min individually. Then start magnetic 
stirrer in SAOB solution to make gas being absorbed sufficiently. When the sample in reactor is heated up 
to 600ć, keep it at the same temperature for 10min. 
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Figue 1. Schematic diagram of the experimental setup 
1. Regulator 2. Temperature Controller 3. Box-type furnace 4. Furnace thermocouple 5. Oil shale samples 6. Flowmeter 7. Nitrogen 8. 
Sample Thermocouple 9. Data Acquisition Instrument 10. Condensing 11. Sulfide selective electrode 12. Temperature sensor 13. Reference 
electrodes 14. Precision meter 15. Magnetic stirrer 16. Magnetic stirring Aberdeen 17. Absorption solution (SAOB) 18. computer 
 
2.3 H2S Measurement Method 
Ion electrode analysis was used in measuring H2S cumulative concentration, which was got by 
calculating voltage between two electrodes i.e. sulfide selective and reference electrode. SAOB solution 
was matched with a series steps: 20g NaOH was dissolved in 500ml boiling deionized water, 80g of 
sodium salicylate was added in NAOH solution, and deionized water was diluted to 1000ml. 
3. Results And Discussion 
H2S is accounted for 95% of total sulfur in pyrolysis gas[9, 10], so measuring H2S may observe sulfur 
release during oil shale pyrolysis. 
3.1 Effect of Heating Rate 
Figure 2 shows the cumulant of H2S releasing into retort gas during oil shale pyrolysis at different 
heating rates. It can be seen the final volume of H2S escaping from oil shale decreases with heating rate 
increasing. When 5oC/min of heating rate is applied, the volume of hydrogen sulfide is about 2.35mol/g. 
While the gas cumulant at 10oC/min and 15 oC/min decreases by 0.7mol/g or so. With heating rate rising 
continuously, 0.6mol/g of decreasing occurs at 20oC/min. From the curves one can find sulfur escaping in 
a large scale twice during the retort of oil shale, which is also described more clearly in figure 3. 
The result above can be explained by resident time differences of various samples in reactor. Heating 
sample at 5oC/min from normal temperature to 600oC need about 2 hours, while 20 oC/min of heating rate 
only need half an hour.  
Figure 3 plots the release rate of H2S against temperature at different heating rate. Apart from sulfur 
release volume, the trend development of release rate occurs the contrary way. With heating rate rising, 
the rate of hydrogen sulfide escaping also increases. This is probably the reason that higher heating rate 
help increasing sulfur gases to release from oil shale. 
While the two contrary trends bring out that the effect of resident time exceeds that of heating rate. 
After all, the temperature under 600oC, and the whole reaction rate represents relatively sluggish. 
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Although higher heating rate can promote decomposition of sulfur composition, resident time play the 
major role finally. 
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Figue 2. The cumulant variation of H2S release with temperature under different heating rates 
There is another occurrence found in figure 3. Whatever which heating rate, the curves of release rate 
have two main peak during the whole process. The first peak occurs at relatively low temperature, e.g. for 
5oC/min, at 410oC or so. And the second occurs at relative high temperature, e.g. at 540oC of the same 
heating rate. 
Generally organic sulfur decomposes at about 300-400ć, pyrite cracks at 400-450ć, while sulphate 
sulfur release at more than 1100ć . So one can conclude that organic sulfur in Huadian oil shale 
decomposes at the first peak, and the pyrite sulfur releases above 500ć given the phenomena of reaction 
slag in this experimental system [11]. 
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Figue 3. The variation of H2S release rate with temperature under different heating rates 
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3.2 Effect of Different Particle Size
Figure 4 shows the relationship between different particle sizes and H2S release during pyrolysis. It 
can be seen from Figure, particle size of 0.2-0.6mm and 0.6-1.2mm of oil shale begin to release H2S from 
340ć, while 1.2-2.18mm of oil shale yields H2S from about 360ć. Whatever which particle size, the 
final volumes of yielding sulfur gases are near the same. So it can be concluded that particle size of 
sample has no influence upon sulfur release volume, while affects the release rate and the temperature of 
decomposition beginning. With the increase of oil shale particle size, H2S release rate temperature 
become increased. And increasing particle size delays the sulfur escaping from oil shale. Moreover, only 
when the particle size is increased more than 1.2mm, the effects take place. Generally, small particle 
provides more specific area for reaction and relative little hinder of upon gas inside release. 
Figure 5 shows the release rate variation against temperature with different particle size of sample, 
from which one can see the same trend of release rate variation with particle size changing as figure 4. 
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Figure 4. The cumulant variation of H2S yield with temperature for different particle  size 
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Figue 5  The variation of H2S release rate with temperature for different particle size 
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4. Conclusion 
 
1) Heating rate and particle size are the two important elements affecting the sulfur release during 
oil shale pyrolysis. While the effects shows different in detail. 
2) Rising heating may promote release rate of sulfur in process, while due to resident time, relative 
low heating rate helps more sulfur gas escaping volume.  
3) Increasing particle size hinders the release of hydrogen sulfide yielding, but has no impact when 
particle is small than 1.2mm. 
4) Different sulfur composition release at different temperature. The test results verified the 
principle during oil shale pyrolysis. 
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